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Abstract
15N-labelled glycine experiments were carried out in both a Kobresia pygmaea meadow and a Kobresia humilis
meadow to investigate whether alpine plants can take up organic nitrogen directly from the soil and whether
different plant species differ in this respect. Eight plant species were selected in the two meadows, five in the
Kobresia humilis meadow and four in the Kobresia pygmaea meadow, with one common species. After 4 h fol-
lowing 15N injection, atom% excess 15N in the aboveground parts of Ptilagrostis concinna was about 0.012,
higher than in the aboveground parts of the other three species in the Kobresia pygmaea meadow, while that in
the aboveground parts of Festuca ovina was higher than in the aboveground parts of the other four species in the
Kobresia humilis meadow. After 1 day all the values for atom% excess 15N were substantially higher, except in
the aboveground parts of Gentiana straminea in the Kobresia pygmaea meadow and in the aboveground parts of
Festuca ovina and Gentiana aristata in the Kobresia humilis meadow. One day after 15N injection, atom% ex-
cess 15N in the roots was higher than that in any of the aboveground parts. In the first 4 h, uptake rates of organic
nitrogen by the four species in the Kobresia pygmaea meadow were in the range of 0–0.83 mol g–1 h–1, with a
value of 1.43 mol g–1 h–1 for the roots. In contrast, those of five species and the roots in the Kobresia humilis
meadows varied between 1.34–8.08 mol g–1 h–1. Key species such as Kobresia pygmaea and Kobresia humilis
showed a greater capacity to take up organic nitrogen than non-key species over a 5-day period. This implies that
alpine plants can take up organic nitrogen from the soil, but uptake capacity varies widely among different spe-
cies, and for the same species from different Kobresia meadows.
Introduction
Traditional concepts of nitrogen N cycling have
considered that organic N is converted into inorganic
N NO3–NH4 by soil microorganisms, and then can
be taken up by plants. This implies that roots and their
mycorrhizal symbiosis cannot take up organic N di-
rectly from soils Nadelhoffer et al. 1985; Norton and
Firestone 1996. However, recent studies in arctic
tundra Chapin et al. 1993; Kielland 1994; Schimel
and Chapin 1996, boreal forest Näsholm et al. 1998;
Näsholm and Persson 2001, alpine Raab et al. 1996,
1999; Lipson et al. 2001 and ericaceous ecosystems
Stribley and Read 1980; Read and Bajwa 1985; Read
1991 have shown that plants can take up organic N
directly from soils. Research on agricultural systems
has shown that also agricultural plant species, such as
upland rice Yamagata and Ae 1999 and wheat
Näsholm et al. 2000, 2001; Owen and Jones 2001,
can take up organic N. The contribution of organic N
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to plant N acquisition can be substantial, i.e., it con-
tributes 60% to the total N acquisition for non-myc-
orrhizal species Chapin et al. 1993, 10–82% to the
annual N requirement for arctic species Kielland
1994, 50–100% to the N requirement for Kobresia
myosuroides Lipson et al. 2001, 15–25% to N nu-
trition of Ricinus communis species Schobert and
Komor 1987 and 19–23% of the glycine-derived N
as intact amino acids for agricultural plant species
Näsholm et al. 2000, 2001. Hence, uptake of
organic N by plants could be a universal phenome-
non, which can take place in any terrestrial ecosys-
tem.
Alpine meadow ecosystems occupy a large part of
the Qinghai-Tibet Plateau in China. They are similar
to boreal forests and arctic tundra ecosystems, with a
large stock of N in the soils, 95% of which is organic
N, including free amino acids Cao and Zhang 2001.
Previous research on N cycling in these ecosystems
reported a lack of inorganic N and plant growth lim-
ited by N availability Cao and Zhang 2001. How-
ever, organic N might cover the N requirements of
plants in these alpine meadow ecosystems.
In this study, we explored whether alpine plants can
take up organic N directly from the soil and whether
different plant species differ in this respect.
Materials and methods
Site description
The study was conducted at the Haibei Alpine
Meadow Ecosystem Station of the Chinese Academy
of Sciences, Qinghai Province 37°3660 N,
101°1914 E, 3215 m a.s.l.. The site is character-
ized by a typical alpine meadow climate: warm and
rainy summers and cold, dry and windy winters.
Mean annual temperature is  1.7 °C and annual
precipitation averages 600 mm. The soil is classified
as Mat Cry-gelic Cambisol Chinese Soil Taxonomy
Research Group 1995. Some of its characteristics are
given in Table 1.
Kobresia pygmaea dominant species: Gueldens-
taedtia diversifolia, Kobresia pygmaea, Ptilagrostis
concinna, Gentiana straminea and Kobresia humilis
dominant species: Kobresia humilis, Poa sp., Fes-
tuca ovina, Gentiana aristata, Gueldenstaedtia diver-
sifolia meadows for detailed descriptions see Zhou
1979, 2001 were selected in the research.
Labeling and sampling
On July 16, 2001, a 5 m  5 m area, uniform in spe-
cies composition and cover, was selected in both a
typical Kobreisa humilis meadow and a Kobresia
pygmaea meadow. At each site 30 circular microplots
10 cm diameter were selected and divided randomly
into three groups. Of each group, six plots were in-
jected with 15N-labelled glycine and four with
distilled water as the control at a depth of 5 cm fol-
lowing methods described by Schimel and Chapin
1996. In our study the injected 15N-labelled glycine
97.56 atm% 15N, from Chemical Research Institute,
Shanghai, China was equivalent to 0.166 g N m–2.
Microplots were harvested at 4 h, 1 d and 5 d after
injection.
At each sampling, aboveground material, roots and
soils were collected. Aboveground material was par-
titioned into species and roots were bulked. Soil was
sampled in cores of 10 cm diameter and 10 cm depth.
We only sampled the upper 10 cm soils because over
80% of the roots are concentrated in this depth in
Kobresia meadows Wang and Shi 2001. Soil was
transported to the laboratory immediately, mixed well
by hand and sieved  2 mm. The sieved soils were
analyzed for soil moisture, total N and 15N/14N ratio.
Live roots, carefully removed from the soil cores,
were rinsed with water and put into 0.5 mmol l–1
CaCl2 solution for 30 min, then rinsed with distilled
water to remove tracers absorbed on their surface. All
plant material was dried in an oven at 60 °C for 48 h.
Ground plant material was analyzed for total N and
15N/14N ratios.
Table 1. Total N and inorganic N in soils before 15N-labelled glycine injection, bulk density, soil moisture, C/N ratio and pH values. All data
are for the top 10 cm of soil in the field. Standard deviation is indicated in parentheses n  8.
Meadow type Bulk density g cm–3 Total N % Inorganic N g m–2 Soil moisture % C/N pH H2O
K. pygmaea meadow 1.07 0.53 0.04 0.87 0.10 18.7 0.9 18.2 0.7 7.5
K. humilis meadow 0.72 0.70 0.09 1.43 0.69 34.3 2.0 19.6 0.6 8.0
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Analysis and calculation
Bulk density was estimated by the soil core method,
dividing the mass of the soil core by its volume. Soil
organic carbon was measured by the dichromate di-
gestion method Kalembasa and Jenkinson 1973.
Soil moisture was determined gravimetrically and pH
was measured by a glass electrode using a 1:2 soil-
to-water ratio. Total N of samples was measured by
Kjeldahl digestion with a salicylic acid modification
Pruden et al. 1985 in order to include nitrate.
NH4-N and NO3–-N in K2SO4 extracts were measured
by steam distillation with MgO, using Devarda’s al-
loy to reduce NO3 to NH4 Bremner 1965. 15N
analysis in soils and plant material followed the
methods described by Buresh et al. 1982 and Pruden
et al. 1985. H2O-free alcohol was distilled after each
digest. The 15N/14N ratios were measured on a Finni-
gan MAT-251 mass spectrometer.
Atom% excess 15N was calculated as the difference
between 15N in the samples from the microplot
injected with 15N-labelled glycine and that in the cor-
responding samples from the control injected with
distilled water. Rates of 15N-labelled glycine uptake
by plants were calculated from the 15N taken up
within 4 h.
Results
Kobresia pygmaea meadow
Uptake capacity for organic N varied among the
dominant plant species in the Kobresia pygmaea
meadow. Atom% excess 15N in the aboveground parts
of P. concinna 4 h after 15N-labelled glycine injection
was 0.012, higher than for the other three species
Table 2, while the value was lowest for the above-
ground parts of G. straminea. Atom% excess 15N in
the roots was 0.104, higher than in any of the above-
ground materials. After 1 d, all the values for atom%
excess 15N were substantially higher except for the
aboveground parts of G. straminea Table 2. Atom%
excess 15N after 5 days in Kobresia pygmaea was
significantly higher than after one day, those in G. di-
versifolia and G. straminea showed little change,
whereas those in P. concinna and in the roots
declined.
In the 4 h following 15N injection, the uptake rate
of organic N by G. straminea was lowest with a value
of 0.00  0.25 mol g–1 h–1 and that of P. concinna
highest with a value of 0.83  0.19, with interme-
diate values of 0.40  0.10 and 0.45  0.21 mol
g–1 h–1 for K. pygmaea and G. diversifolia Table 3,
respectively. Uptake rate of organic N by the roots at
1.43  0.13 mol g–1 h–1 was highest of all plant
components.
Kobresia humilis meadow
Four hours after 15N injection, atom% excess 15N was
highest 0.163  0.008% in the aboveground parts
of Festuca ovina and lowest in the aboveground parts
of G. diversifolia 0.024  0.008%. That in the
Table 2. Atom% excess 15N in different components values following species name refer to aboveground material of the dominant species
in Kobresia pygmaea meadow following 15N-labelled glycine injection. Standard deviation in parentheses n  5.
Species Tissue Incubation
4 h 1 d 5 d
K. pygmaea Shoots 0.006 0.002* 0.014 0.006* 0.409 0.055*
P. concinna Shoots 0.012 0.003* 0.238 0.013* 0.142 0.074*
G. diversifolia Shoots 0.005 0.002* 0.014 0.002** 0.014 0.004**
G.straminea Shoots 0.000 0.001** 0.003 0.001** 0.006 0.001**
All plants Roots 0.104 0.050* 0.273 0.054* 0.239 0.048*
Asterisks mean different significance levels in a column * at the level  0.05; ** at the level  0.25.
Table 3. Uptake rates of N by aboveground parts of the dominant
species and their combined roots in an alpine meadow in China in
the first 4 h following 15N-labelled glycine injection. Standard de-
viation in parentheses n  5.
Species Tissue Uptake rate of organic N
mol g–1 h–1
K. pygmaea Shoots 0.40 0.10
P. concinna Shoots 0.83 0.19
G. diversifolia Shoots 0.45 0.21
G. straminea Shoots 0.00 0.25
All plants Roots 1.42 0.13
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roots was still higher, with a value of 0.163 
0.009% Table 4. After 1 day, the atom% excess 15N
in the aboveground parts of Kobresia humilis, Poa sp.
and G. diversifolia and in the roots had increased,
while that in the aboveground parts of Festuca ovina
and Gentiana aristata had declined, strongest in Fes-
tuca ovina. After 5 days, the atom% excess 15N in the
aboveground parts of Kobresia humilis, Festuca
ovina and Gentiana aristata and in the roots was
higher and that in the aboveground parts of Poa sp.
and G. diversifolia lower than after one day.
For all plant components, uptake rates of organic
N by the dominant plant species in the Kobresia hu-
milis meadow were higher than those in the Kobresia
pygmaea meadow in the first four hours Table 5.
Uptake rate of N in the shoots was highest in Festuca
ovina 8.08  0.39 mol g–1 h–1 and lowest in
Gentiana aristata 1.34  0.15, while that in the
roots was 3.07  0.17.
Discussion
Mineralization rates of organic N are very low in the
soils in Kobresia meadows. They seldom exceed 30
ppb d–1 in the top 20 cm of soil in the Kobresia hu-
milis meadow Cao and Zhang 2001. Therefore, in-
organic N NO3–  NH4 originating from mineral-
ization over a period of 5 days is negligible. Hence,
the increase in plant 15N reflects uptake of organic N
in Kobresia meadows.
Our results showed that the dominant species in
Kobresia meadows can take up organic N from soils.
However, uptake capacities for organic N vary widely
among the dominant species in both Kobresia humi-
lis and Kobresia pygmaea meadows. In the Kobresia
pygmaea meadow, G. straminea hardly took up
injected glycine in the first 4 h, or even the first day
following 15N injection, whereas K. pygmaea, P. con-
cinna and G. diversifolia took up noticeable quanti-
ties. The five dominant species in Kobresia humilis
meadow all showed higher uptake capacity for
organic N than those from the Kobresia pygmaea
meadow. Recently, Miller and Bowman 2003 have
shown that also alpine plants from different commu-
nity types show species-level differences in the
uptake of organic N under controlled conditions, but
they have not compared the same species from differ-
ent community types. In our study, G. diversifolia
took up significantly more 15N in the K. humilis
meadow than in the K. pygmaea meadow. Moreover,
uptake of organic N strongly varied between key and
non-key species in Kobresia meadows. Kobresia
pygmaea and Kobresia humilis are, respectively, key
species in the two types of meadows, which are criti-
cal in maintaining their organization and diversity.
They showed a greater capacity to take up organic N
in Kobresia meadows over a 5-day period than non-
Table 4. Atom% excess 15N in different components values following species name refer to aboveground material of dominant plants in
Kobresia humilis meadow after 15N-labelled glycine injection. Standard deviation in parentheses n  5.
Species Tissue Incubation length
4 h 1 d 5 d
Kobresia humilis Shoots 0.102 0.008* 0.120 0.011* 0.421 0.059*
Poa sp. Shoots 0.046 0.004* 0.212 0.014* 0.182 0.014*
Festuca ovina Shoots 0.163 0.008* 0.016 0.004* 0.112 0.019*
Gentiana aristata Shoots 0.032 0.004* 0.012 0.004** 0.028 0.001*
G. diversifolia Shoots 0.024 0.008** 0.045 0.003* 0.039 0.016**
All plants Roots 0.163 0.009* 0.224 0.010* 0.237 0.036*
Asterisks mean different significance levels in a column * at the level  0.05; ** at the level  0.25.
Table 5. Uptake rate of N by aboveground parts of the dominant
species and their combined roots in an alpine meadow in China in
the first 4 h following 15N-labelled glycine injection. Standard de-
viation in parentheses n  5.
Species Tissue Uptake rate of organic N
mol g–1 h–1
Kobresia humilis Shoots 4.99 0.41
Poa sp. Shoots 2.61 0.24
Festuca ovina Shoots 8.08 0.39
Gentiana aristata Shoots 1.34 0.15
G. diversifolia Shoots 2.79 0.35
All plants Roots 3.07 0.17
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key species, such as Festuca ovina and G. diversifo-
lia.
Here we did not examine the mechanisms underly-
ing the difference in capacity to take up organic N for
different species from different types of meadows, but
two possible explanations for the difference in uptake
of organic N by the same species from different types
of meadows can be put forward. First, uptake of or-
ganic N by plants might be influenced by environ-
mental factors, such as soil moisture, pH and soil
temperature. Falkengren-Grerup et al. 2000 have
shown that uptake of amino acids is dependent on pH.
In this study, soil moisture and pH are higher in the
Kobresia humilis than in the Kobresia pygmaea
meadow. Second, different types or different levels of
fungi might be associated with the roots of G. diver-
sifolia in different types of meadows, as it has been
shown Stribley and Read 1980; Read and Bajwa
1985 that mycorrhizal fungi can enhance the capac-
ity of the plant to take up organic N. As for the dif-
ference in the uptake of organic N between key and
non-key species, their attributes might play a major
role in the acquisition of organic N from soils. As key
species, Kobresia humilis in Kobresia humilis
meadow and Kobresia pygmaea in Kobresia pygmaea
meadow occupy a larger niche than non-key species
Chen and Zhou 2001. Moreover, Chapin et al.
1993 have suggested that species differences in or-
ganic N uptake involve physiological properties of
the roots. However, from our results it cannot be con-
cluded which mechanism controls uptake of organic
N by plants. Hence, further research needs to be fo-
cused on the mechanisms responsible for the differ-
ence in uptake of organic N among species or among
ecosystems.
Uptake rates of glycine-N by plants vary signifi-
cantly in different terrestrial ecosystems. In our
research, the uptake rates of organic N by the domi-
nant species in the Kobresia pygmaea meadow were
in the range of 0–0.83 mol g–1 h–1, similar to field
uptake rates in arctic and alpine ecosystems estimated
by Chapin et al. 1993 and Kielland 1994. The up-
take rates of organic N by the dominant species in the
Kobresia humilis meadow are also comparable to
those reported for controlled laboratory conditions.
Falkengren-Grerup et al. 2000 reported uptake rates
of a mixture of amino acids by 10 gramineous spe-
cies and forbs between 1.6 and 6.3 mol g–1 h–1.
Miller and Bowman 2003 found uptake rates by
nine alpine plant species from three different commu-
nity types in the range of 1.0–5.4 mol g–1 h–1.
However, another study under controlled conditions
Raab et al. 1999 showed uptake rates of over 25
mol g–1 h–1 some up to 100 for six out of thirteen
sedge Cyperaceae species, between 5 and 10 mol
g–1 h–1 for five, under 2 mol g–1 h–1 for one and no
measurable uptake for one species.
Conclusions
Alpine plants on the Qinghai-Tibet Plateau in China
can take up organic N in the field, but uptake capac-
ities for organic N vary widely among different spe-
cies, even for the same species from different types
of Kobresia meadows. The key species in the two
meadows have a greater capacity than non-key spe-
cies over a 5-day period. Environmental factors and
the attributes of plants might control uptake of
organic N by plants in the field.
Acknowledgements
We thank Jingrong Yang Institute of Geographical
Sciences and Natural Resources Research, CAS for
analysis of samples in the laboratory. Thanks are also
given to the two anonymous reviewers for improving
the manuscript. This research was supported by the
NSFC No. 40331006.
References
Bremner J.M. 1965. Inorganic forms of nitrogen. In: Black C.A.
ed., Methods of Soil Analysis Vol. 2. American Society of
Agronomy, Madison, WI, pp. 1179–1237.
Buresh R.J., Austin E.R. and Craswell E.T. 1982. Analytical meth-
ods 15N research. Fert. Res. 3: 37–46.
Cao G.M. and Zhang J.X. 2001. Soil nutrition and substance cycle
of Kobresia meadow. In: Zhou X.M. ed., Alpine Kobresia
Meadows in China. Science Press, Beijing, China, pp. 188–216.
Chapin III F.S., Moilainen L. and Kielland K. 1993. Preferential
use of organic acid N by a non-mycorrhizal arctic sedge. Nature
361: 150–153.
Chen B. and Zhou X.M. 2001. Niche of major plant populations in
Kobresia meadow. In: Zhou X.M. ed., Alpine Kobresia Mead-
ows in China. Science Press, Beijing, China, pp. 74–94.
Chinese Soil Taxonomy Research Group 1995. Chinese Soil Tax-
onomy. Science Press, Beijing, China, pp. 58–147.
Falkengren-Grerup U., Månsson K.F. and Olsson M.O. 2000. Up-
take capacity of amino acids by ten grasses and forbs in relation
to soil acidity and N availability. Environ. Exp. Bot. 44: 207–
219.
9
Kalembasa S.J. and Jenkinson D.S. 1973. A comparative study of
titrimetric and gravimetric methods for determination of organic
carbon in soil. J. Sci. Food Agr. 24: 1085–1090.
Kielland K. 1994. Amino acid absorption by arctic plants: impli-
cations for plant nutrition and N cycling. Ecology 75:
2373–2383.
Lipson D.A., Raab T.K., Schmidt S.K. and Monson R.K. 2001. An
empirical model of amino acid transformations in an alpine soil.
Soil Biol. Biochem. 33: 189–198.
Miller A.E. and Bowman W.D. 2003. Alpine plants show species-
level differences in the uptake of organic and inorganic nitrogen.
Plant Soil 250: 283–292.
Nadelhoffer K.J., Aber J.D. and Melillo J.M. 1985. Fine roots, net
primary production and soil N availability: a new hypothesis.
Ecology 66: 1377–1390.
Näsholm T., Ekbladm A., Nordin A., Giesler R., Högberg M. and
Högberg P. 1998. Boreal forest plants take up organic N. Nature
392: 914–916.
Näsholm T., Huss-Danell K. and Högberg P. 2000. Uptake of or-
ganic N in the field by four agriculturally important plant spe-
cies. Ecology 81: 1155–1161.
Näsholm T., Huss-Danell K. and Högberg P. 2001. Uptake of gly-
cine by field grown wheat. New Phytol. 150: 59–63.
Näsholm T. and Persson J. 2001. Plant acquisition of organic N in
boreal forests. Physiol. Plant 111: 419–426.
Norton J.M. and Firestone M.K. 1996. N dynamics in the rhizo-
sphere of Pinus ponderosa seedlings. Soil Biol. Biochem. 28:
351–362.
Owen A.G. and Jones D.L. 2001. Competition for amino acids be-
tween wheat roots and rhizosphere microorganisms and the role
of amino acids in plants N acquisition. Soil Biol. Biochem. 33:
651–657.
Pruden G., Powlson D.S. and Jenkinson D.S. 1985. The measure-
ment of 15N in soil and plant material. Fert. Res. 6: 205–218.
Raab T.K., Lipson D.A. and Monson R.M. 1996. Non-mycorrhizal
uptake of amino acids by roots of the alpine Kobresia myosuroi-
des: implications for the alpine N cycle. Oecologia 108: 488–
494.
Raab T.K., Lipson D.A. and Monson R.M. 1999. Soil amino acid
utilization among species of the Cyperaceae: plant and soil pro-
cesses. Ecology 80: 2408–2419.
Read D.J. 1991. Mycorrhizas in ecosystems. Experientia 47: 376–
391.
Read D.J. and Bajwa R. 1985. Some nutritional aspects of biology
of ericaceous mycorrhizas. Proc. Royal Soc. Edinborough 85B:
317–332.
Schimel J.P. and Chapin F.S. 1996. Tundra plant uptake of amino
acid and NH4-N in situ: plants compete well for amino acid N.
Ecology 77: 2142–2147.
Schobert C. and Komor E. 1987. Amino acids uptake by Ricinus
communis roots: characterization and physiological significance.
Plant Cell Environ. 10: 494–500.
Stribley D.P. and Read D.J. 1980. The biology of mycorrhiza in
the Ericacea. VII. The relationship between mycorrhizal infec-
tion and the capacity to utilize simple and complex organic N
sources. New Phytol. 86: 365–371.
Wang Q.J. and Shi S.B. 2001. Biomass and productive mechanism
of Kobresia meadow. In: Zhou X.M. ed., Alpine Kobresia
Meadows in China. Science Press, Beijing, China, pp. 131–162.
Yamagata M. and Ae N. 1999. Direct acquisition of organic N by
crops. Jpn. Agric. Res. Quart. 33: 13–21.
Zhou X.M. 1979. Primary study on structure and ecological traits
of eight species of Kobresia on the Qinghai-Tibet Plateau. Acta
Bot. Sin. 21: 135–142.
Zhou X.M. 2001. Main types and their distribution patterns of Ko-
bresia meadow. In: Zhou X.M. ed., Alpine Kobresia Meadows
in China. Science Press, Beijing, China, pp. 51–62.
10
